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WITH ANOTHER 
BIG C-E UNIT 


A C-E Steam Generating Unit, de- 
signed for a pressure of 975 psi, 0 
total steam temperature of 900 F 
and a capacity of 400,000 |b of 
steam per hr, was placed in service 
in 1941 by the Virginia Electric & 
Power Company at their Reeves 
Avenue Station, Norfolk, Virginia. 

A duplicate unit has recently been 
ordered. A961 
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COMBUSTION 
ENGINEERING 


200 Madison Avenue « New York 16, N. Y. 
C-E Products include all types of Beilers, Furnaces, Pulverized Fuel Systems and Stokers; also Superheaters, Economizers and Air Heatets 
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Editorials 


It Must Not Happen Again 


The often-repeated assertion that bituminous coal, regardless of 
competitive fuels and hydro power, is basic to survival of American 
industry and our accustomed ways of living, has gained added em- 
phasis by the effects of the coal strike. In the past there have been 
many stoppages of coal supply but never have they been so far- 
reaching and devastating. Coming at a time when shelves are 
bare of much-needed commodities, and so closely upon the heels 
of the steel strike, there was neither time to catch up with demand 
nor to build up a backlog of materials to meet reconversion needs. 
Moreover, never before have transportation, utility services and 
industrial users of coal been so adversely affected. Ramifications 
of the stoppage have been so extensive that it is estimated that 
normal deliveries of equipment and commodities will have been de- 
layed from six to twelve months. 

The situation has been further aggravated by concurrent strikes, 
some of long standing, in copper mining, in the manufacture of 
electrical equipment and other appliances that constitute com- 
ponent parts of new installations, and in supplies for various manu- 
facturing operations. 

The resulting unemployment has more than offset any monetary 
gains by the labor groups directly concerned and has penalized 
thousands of workers in other fields, besides inflicting untold 
losses to industry and business in general. 

Regardless of the terms of settlement in the coal controversy, 
public welfare makes it imperative that steps be taken to prevent 
a recurrence of the situation. 





The Merchant Marine 


On May 22 this country observed National Maritime Day, ded- 
icated by Presidential Proclamation to the American Merchant 
Marine. The date represented the one hundred twenty-seventh 
anniversary of the sailing of the steamship Savannah on the first 
successful crossing of the Atlantic by steam. 

One of the marvels of the war effort was the speed and the ex- 
tent to which our shipbuilding program was consummated. Our 
possession of the world’s largest merchant fleet is a most valuable 
national asset—a position that must not be permitted to retro- 
grade, as has happened several times since the Savannah first 
crossed the Atlantic 

Having acquired the construction facilities, the experience and 
the means for training personnel, this country cannot afford to rest 
upon its wartime accomplishments. It must carry forward, by new 
construction and by improved practice in steam engineering, to 
meet most effectively the needs of peacetime commerce, and thus 
maintain its position as a leading maritime power. This, in effect, 
was the purpose of National Maritime Day. 
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Fig. 1—Boiler, disconnects, blowdown heat exchanger, flash tank and deaerating heater 


Electric Steam Generator Installation 
at Salem Alumina Plant 


By GEORGE H. KRUEGER 


Mech. and Steam Engr., Bonneville Power Administration 






















HE “Alumina from Clay Plant’ was built by the tion at the boiler plant were originally considered 
Chemical Construction Corporation of New York (1) hogged fuel or sawmill wood waste, (2) fuel oil, and 










for the Defense Plant Corporation It is located (3) coal Analysis of the use of these three fuels r 
just north of the city limits of Salem, Oregon, a short sulted in the following conclusions a) The supply ol 
distance from the Willamette River and on the mainline hogged fuel was diminishing and it appeared probabl 
of the principal coastal railroad. This plant was de- that this type of fuel would completely vanish from the 
signed and built as an ex market due to its higher valu 
perimental unit to determin as a material for manulactur 





the economic feasibility ol Description of a 150,000-lb per hr 150- — ing wood by-products. (/ 
producing alumina from the psi, 50,000-kw Kaelin type single-drum — Because of war conditions th 
















high alumina clays that exist —_glectric boiler installed near Salem. Ore.. supply of fuel oil was ver 
‘undance in the statesol tg furnish steam for the production of — ritical and unavailabl 
Washington and Ore; alumina from local clays. This is the — ‘tities being required Ia 
largest electric steam generator built in merchant 
the United States to date. Electric energy 
i supplied by the Bonneville Power Ad- 
ministration and reduced in voltage . mypen ee, 
through a substation and transformers to eel §6tramennstativs 
6.9 kv at the boiler. Excepting the feed ties t hip the coal t 
ee kinds of fuel to pr pumps and automatic controls, all equip- lumina plant Ihe 
ment is installed outdoors. est local coal available was 
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Fig. 2—Specific resistance-termperature curve 








from Lewis County, Washington, a distance of 
150 mi from Salem. Other coals would 
Wyoming or Utah, 


lignite 
ipproximately 
have to be shipped from 
meant a 1500-mi rail haul 

After due study of the 
Pacific Northwest by Chemical Construction Corpor- 
ation’s engineers, it was suggested that 
be given to the use of electric steam generators to supply 
the necessary process steam for the new plant. This 
method of steam production was given consideration for 
the reason that low-cost electric energy was available 
in this area. The final conclusion was reached that 
electric steam generation had advantages that were not 
available in solid and liquid fuel-fired steam boilers. 

lhe electric steam generator which was installed is a 
),000-kw Kaelin type, single-drum manulac 
tured by the Combustion Engineering Company, Inc 
It is the largest single-drum three-phase unit built in the 
United States to date 
boiler plant are listed in the following 


which 
boiler fuel situation in the 


consideration 


unit 


General characteristics of the 
tabulation 


STEAM CHARACTERISTICS 


ormal steam generating capacity. . 150,000 Ib per/ht 
Working steam pressurt 150 | 
oiler design pressure 160) 
Quality of steam 00.7 per cent dry 


cedwater temperature » | 
Condensate return 
Makeup water 


TRICAL LC HARACTERISTH 





ctrn rating of at mn raten ‘ ( 


itil on elects wile i 


a : ; 
ce Water wryes i the 1 t thay 
if teller, the water haracterist ery wm 
. int Bowler feedwater characterist» must be such 
the dissolved solids are low enows “nl of such a 
iture that the ohmic resistance is maintamed above 1000 





COMBUSTION—May 1946 





ohms per cu in. at 212 For 100C. Fig. 2 shows a specific 
resistance and temperature curve of Willamette River 
water at Salem. 

Electric boiler operation is comparatively simple. 
Fig. 3 is a diagrammatic sketch illustrating the principal 
components of a typical Kaelin single-drum unit. The 
three electrodes C are of cast iron and are connected to 
the three terminals K by copper connections which pass 
through the bushings G, each electrode being a terminal 
for each phase of a three-phase circuit. The electrodes 
are surrounded by a neutral or steel ground plate B 
built in the form of a clover leaf. Water enters the main 
drum A through the feed connection near the bottom 
of the unit. When the electrodes are wholly or partially 
immersed in water, and the current turned on, electrical 
energy flows through the water from electrode to neutral, 
neutral to electrode, and between electrodes. The 
water acts as the resistance element to transform the 
electrical energy into heat energy which raises the tem 
perature of the water above its vaporization port, 
generating steam at any desired predetermined pres 
sure. Steam thus generated leaves the main drum and 
passes through the riser tubes E into the dry drum D, 
where any moisture carryover is separated by a steam 
moisture carryover is returned to the 
F and dry 


scrubber. The 
main drum through the dry-drum drain tubes 
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Fig. 3—Diagram of Kaelin single-drum electric boiler 
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steam is supplied to the steam line through the main 
nozzle J The continuous bleed controlling the 
ntration of the water is taken off through the bleed 


connection near the top of the mud drum //. A blowoff 


steam 


conc 


connection is at the bottom of the mud drum 

The amount of steam generated depends upon the 
amount of current passing through the water, and this 
in turn depends upon the area of the path of the electrical 
energy through the water and the the 
water The water area through which the current can 
pass is determined by the depth of immersion of the 
electrodes. 


resistance of 


Therefore, by maintaining a constant re 
sistance of water, the amount of steam generated may be 
controlled simply by varying the level of the water in 
the drum. The water level is indicated by gages mounted 
on the side of the drum and is controlled by means of the 


feed and blowdown valves. Control may be either auto- 


matic or manual, although automatically operated con- 
trols are provided on this installation. 
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Fig. 4—Close-up view of water gage board, boiler-feed and 
continuous blowdown control valves 


Fig. 1 is an overall picture of the installation in which 
can be seen the main boiler (the large vertical drum to the 
right of the center of the picture), electrical disconnects 
(to right of main boiler), blowdown heat exchanger (the 
horizontal cylinder near the ground at left), flash tank 
(above the heat exchanger), and the deaerating feed- 
water heater (above the flash tank). The heat exchanger 
and the flash tank are installed for the purpose of recover 
ing as much heat as possible from the boiler blowdown. 
Most of the heat which would otherwise be lost in the 
blowdown process is thus recovered and is utilized in 
heating the incoming feedwater. On the left side of the 
main boiler drum can be seen the water level gages 
which have an outer protective glass housing that serves 
to prevent accidents to personnel in case one of the glass 
gages breaks because of sudden temperature change. 
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Fig. 5—Single-line diagram of energy supply to boiler 


Fig. 4 is a close-up photograph of the water-level gage 
board, the hand-operated boiler feed and continuous 
blowdown control valves. 

The specific resistance of the water is a function of 
the amount of dissolved solids and also of the tempera 
ture of the water. Enough water must be bled off to 
maintain the concentration of solids at a predetermined 
point and hence the resistance at the desired point. 
The bleed water is much more highly concentrated than 
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Fig. 6—Wiring diagram for boiler load 
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the feedwater, and the proportion of bleed depends en 
tirely upon the quality of the feedwater 

Since the electrical input to the boiler varies directly 
with the submerged surface area of the electrodes, the 
height of the water in the drum is in direct proportion to 
the steam output. The temperature of the unit never 
exceeds the saturated steam temperature at the maxi 
mum pressure of operation, and there is no danger from 
too low a water level. Steam can be raised to the normal 
operating pressure in about 15 or 20 min fr 
the electric power is turned on, and the full 
Wher 


shut 


ym the time 
steam flow 
can be maintained shortly thereafter 
lor steam 


the demand 
the unit can be immedi 
ately by cutting the power input. 

Electrical energy is supplied to the boiler at 6.9 ky 
irom an adjacent Bonneville Power Administration sub 
station. Figs. 5 and 6 are one line and typical wiring 
diagrams, respectively, showing how energy is received 
at the substation from the 115-kv lines and finally de 
livered to the boiler at 6.9kv. The voltage is reduced to 
6.9 kv by three 12,500/16,666-kva transformers fitted 
with fans. Between these transformers and the meter 
ing equipment are three 15-kv, 4000-amp oil circuit 
breakers which serve as protection to the transformers in 
case of a short-circuit at the boiler. A view of the sub 
station and most of the boiler installation can be seen in 
Fig. 7. A unique feature of the Alumina boiler plant 
is the outdoor construction of the major portion of the 
installation. The wooden poles shown carry the flood 
lighting around the boiler installation. 

Fig. 8 is a view of the west end of the installation and 
shows the concrete blowdown sump (in the foreground), 
the continuous blowdown heat exchanger, flash tank, de- 
aerating feedwater heater, and the pump house (the 
brick building). 

[he north side of the installation is shown in Fig. 9 
in which can be seen the dry drum (above the main 
boiler), the steam pipe line leaving the dry drum, the flow 
meter connections (on right side of top portion of steam 
pipe line), the inclosure containing the riser tubes (below 


ceases, wri 
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Fig. 7—View of boiler 
plant and 115/6.9-kv sub- 
station 


the dry drum), and the dry drum drain tubes (all of the 
tubes entering the main drum below its middle). 

Fig. 10 is a photograph of the installation from the 
northeast and provides an excellent view of the 6.9-kv 
bus and disconnects. 

Fig. 11 shows the boiler feed pumps inside the brick 
building. 


The two pumps in the foreground are steam 
turbine-driven and the one in the right background ts 
electrically driven, the latter being used for starting up 


purposes and standby services 





Fig. 8—Showing blowdown sump, continuous blowdown 
heat exchanger, flash tank, deaerating heater and 
pump house 
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Fig. 9—North side of boiler and pump house showing steam 
pipe from dry drum and flow meter connections 


These photographs illustrate the relatively small space 
and building construction required for an electric boiler 
installation capable of furnishing 150,000 lb of steam per 
hour 
square 


The brick building shown is approximately 20 ft 
and automatic boiler controls, the 
panel board, and the three boiler feed pumps. 

Reproductions of records provided by some of the 
boiler's automatic recording ‘instruments are furnished 
in the charts designated as Charts A to &, inclusive. 
These charts are all for the same day, that of July 29, 
1945, which may be regarded as a typical day. 

Chart A, Fig. 12, shows the electrical input in thou 
sands of kilowatts with vertical lines to represent each 
thirty minutes of the day and horizontal lines to repre 
sent each thousand kilowatts. This chart shows that 
there are few sharp changes in the electric energy demand 
and that the peak demand remains constant for one and 
one-half hours. 


houses the 


At the present time this boiler 1s operat 
ing at only partial capacity but as soon as the plant 
gets into full production it will require the full steam 
capacity. At that time the electric load for the boiler 
will be nearly constant at 50,000 kw for a considerable 
portion of the day. 

Chart B, Fig. water conductivity. 
The numbers on the chart have no specific meaning; 
they are relative 


13, shows the 


only and simply show the variation 
in the water conductivity. Records provided by water 
conductivity charts are valuable in analyzing the boiler 
feedwater and its reaction to increase and decreases 
in the steam load on the boiler, and to the blow-down. 

Chart C, Fig. 13, shows the boiler water level in tens 
ol inches. Charts such as this are used to determine the 
efficient under various conditions of 
feedwater flow, water conductivity, boiler blowdown and 
steam flow 


most water level 


Chart D, Fig. 13, shows the temperature and flow of 
the boiler feedwater. The lighter line indicates the 
temperature in degrees Fahrenheit and the darker line 
This 
effect of changes in 
boiler feedwater temperature on the water conductivity 
and steam flow, 


the steam flow in thousands of pounds per hour. 


chart is valuable in showing the 


as well as to show the amount of feed 
water required for the steam load. 
Chart #, Fig 


13, shows the boiler pressure and rate of 







28 





Fig. 10O—Northeast side 
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of boiler showing 6.9-kv disconnects 
and bus 


steam flow. The lighter line indicates the pressure in 
pounds per square inch and the darker line the rate of 
steam flow in thousands of pounds per hour. As can be 
seen from this chart, pressure in the boiler varies con 
siderably over relatively short periods of time, due to 
fluctuating loads. With the aid of these graphic charts, 
the operator is enabled to detect any faulty operation 
immediately and apply corrective means. 

Installation of an electric boiler instead of a fuel-fired 
boiler in this plant provides many advantages, some of 
which are: a substantial saving in initial investment; 
a considerable saving in building space which would have 
been necessary to house a fuel-fired boiler and provide fuel 
storage; a saving in manpower and labor costs since the 
electric boiler requires only one attendant per shift; 
no railroad trackage required to handle the incoming fuel 
supply cars and the outgoing ash which offered a serious 
disposal problem in the area; dependable steam genera 
tion at fixed cost even though labor disturbances or 
other factors cause a shortage, or rise in price of either 
liquid or solid fuel; and a cleaner plant, requiring less 
outdoor maintenance, due to no coal dust, ash or smoke. 





Fig. 11—Boiler feed pumps inside building 
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Fig. 12—Chart A showing electric demand for 24-hr 
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Fig. 13—Chart B, water conductivity record; Chart C, boiler water level record; Chart D, boiler feedwater 
record; Chart E, boiler pressure and steam flow record 
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THE PAUL B. HUYETTE CO., Inc. 


PAUL B. HUYETTE 
FOUNDER 


{ioe] SO*ANNIVERSARY [i 


he PAUL B. HUYETTE CO., Inc. 
a age. its 50th Anniversary 
this year, and takes this opportunity 
to express its appreciation of the 
patronage it has enjoyed from the 
Power Plant industry during the 
half-century just completed. Great 
changes have taken place in that 


401 N. Broad Street 
PHILADELPHIA &8, PA. 


industry since young Paul B. Huyette 
founded this business in 1896... 
and who knows what tremendous 
changes will take place in the next 
50 years? But it is our purpose to 
see that there will be no change in 
the quality of Huyette products and 
Huyette service. 
Siadeude Mig tle 


President 


205 E. 42nd Street 
NEW YORK 17, N. Y. 
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GAS TURBINE 
Under Test by 
the Navy 


Features of a 3500-hp gas turbine that 
has been under exhaustive test during the 
past two years at the Naval Experiment 


Station, Annapolis. Thus far satisfactory 


operation has been attained with gas inlet 
temperatures up to 1350 F and further 
tests will be made at 1500 F. 


INCE 1941 the Navy has been engaged in develop- 
ment of the gas turbine in cooperation with several 
commercial firms. Among these was the Allis- 

Chalmers Company with which the Navy contracted 
for an experimental turbine of 3500 hp which has been 
under test at the Naval Engineering Experiment Station 
at Annapolis for the past two years. Security reasons 
prevented publicity on this unit until recently when a 
press demonstration was given on March 29. 

The performance of gas-turbine-driven superchargers 
for military planes and for jet propulsion during the war 
is now well known, these units having operated at accept- 
able periods at an inlet temperature of 1600 F. They 




















Fig. 2—Elevation and plan of complete gas turbine unit 
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Fig. 1—Gas turbine on test floor viewed from power turbine 
end; the regenerator is at upper right 


were designed to meet military requirements in which 
relatively short service life was acceptable. However, 
for commercial applications it is necessary that multiple- 
stage turbines be developed for reliable operation over 
long periods at inlet temperatures around 1500 F. The 
unit at Annapolis was designed to provide information 
for designers with this operating temperature, and during 
the last two years it has operated at progressively increas- 
ing inlet temperatures and recently completed a series of 
test runs at 1350 F. 

The cycle selected for this experimental unit involves 
the use of a parallel turbine arrangement, one turbine 
driving the compressor and the other the propeller 
through electric transmission. For test purposes the 
power of the second turbine is absorbed by a water 
brake, or dynamometer. 


Fig 
*r4 
ig. 


Referring to the cycle diagram, 
3, air enters the gas generator compressor at at 
[t then 
passes to the heat-exchanger or regenerator, where at 
full load it is heated by the turbine exhaust 363 F at the 
compressor discharge to 750 F at the entrance to the two 
combustion chambers. 


mospheric pressure and is compressed to 45 psig. 


One of these supplies the com- 
pressor turbine and the other the power turbine. With 
this arrangement it is possible to control the two tur- 
bines independently. The exhaust gases, after giving up 
heat to the compressed air in the regenerator, leave at 
637 F to the stack. 

[t has been pointed out that other cycles might have 
been used to obtain higher thermal efficiency, but thermal 
efficiency in this case was considered of secondary impor- 
tance to flexibility. 
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Fig. 3—Cycle diagram for experimental unit 
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Obviously, on shipboard a more compact arrangement 
of components would be employed than that shown by 
the photographs taken on the test floor at Annapolis 
where convenience for inspection and the taking of 
readings was paramount. 

The compressor is of the axial-flow type with 20 stages 
of airfoil section blades, so arranged that the air is ac- 
celerated by the moving blades and then slowed down in 
the stationary elements in such a manner that part of the 
velocity energy is converted into pressure. When com- 
pressing the full-load volume of 40,000 cfm against the 
operating head of 45 psig, the compressor attains an ef- 
ficiency of approximately 85 per cent. Fig. 4 is a view 
of the compressor with the cover removed, showing the 
blading arrangement. 

A section through one of the combustion chambers is 
shown in Fig. 5. Here the air from the regenerator at 
750 F is further heated by the burning of fuel directly 
in the air stream. The form of the combustion chamber 
and the use of the air-cooled flame tube make unneces- 
sary the use of brickwork, hence the unit responds quickly 
to load changes, during which the power demands are 
met by the opening or closing of two fuel valves. The 


present unit is operating with No. 2 furnace oil, but in an 
ultimate installation it is contemplated that fuels of 
grades as low as Bunker C oil will be used. 

The turbine driving the compressor is substantially 
the same as the power turbine, except that the former has 
somewhat longer blades and is provided with an air- 
operated internal bypass which is opened when starting. 
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Each turbine has five pressure stages and operates at 
5200 rpm at full load. The first two stages are of the 
impulse type and the last three of the reaction type. 
A diaphragm carries the nozzles that separate the first 
and second impulse stages. Fig. 6 shows the turbine 
rotor being lowered into the casing. 

For cooling the face of the high-temperature turbine 
wheel, air is carried through the outer of the two cooling 
tubes to a disk adjacent to the side of the high-tempera 
ture wheel; and a series of holes in the periphery of the 
stationary disk directs the air to the side of the first-stage 
turbine wheel. The cooling air then passes radially 
inward over the side of the disk and then out the center 
pipe to a water-cooled heat-exchanger from which it 1s 
returned to the outer cooling duct by a positive-pressure 
blower. In like manner cooling air is introduced around 
the periphery of the second-stage diaphragms. 

The blades and disks of the turbines are constructed 
of a recently developed high-temperature Timken alloy 
steel which includes 16 per cent chromium, 25 per cent 
nickel and § per cent molybdenum. The heavy station 
ary parts of the turbines are made of an alloy steel con 
taining 25 per cent chromium and 12 per cent nickel. 


Piping 


In order to handle the vast quantities of air and hot 
gases involved in a unit of 3500 hp capacity, very large 
pipes are necessary, despite the rather high velocities. 
This will be apparent by reference to Fig. 1 which shows 
the inlet ducts to both turbines. The air intake pipe 1s 
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Fig. 4—Compressor with top half of casing removed 


i) in. inside diameter and the exhaust opening of the 
gas-generator turbine driving the compressor is 42 in. 
liameter. The high-temperature 
with an inner skin, or gas conducting member, over the 
Mineral 
block insulation between the inner and outer walls es 


piping is designed 


walls of which there is no pressure difference 


tablishes the temperature drop whereby the outer wall is 
ooled sufficiently to maintain the necessary physical 
strength. The pipes from the combustion 
chambers to the turbines appear unusually large because 
the insulation necessary to withstand the hot gases at 
1500 F is inside between the double wall construction. 


leading 


In the large high-temperature piping an internal gas 
guiding tube is installed with a space of approximately 
}in. between the internal guiding wall and the outside 
f the pipe. 
lation. 


This space is filled with mineral block insu 


The swing-type expansion joints installed in the piping 
are of major importance due to the thermal expansion 
that takes place between room temperature and the high 
imtial temperature at which the unit operates. These 
joints consist of a series of radially placed hinges between 
the flanges, the arrangement being such that the rotation 
of the adjoining members operates to relieve the dimen- 
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Fig. 5—Section through combustion chamber 
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sional changes of the piping resulting from thermal 
expansion; thus obviating distortion of the turbine and 
compressor parts. 

Since a gas turbine must be started with external 
power, an electric motor is connected to the compressor 
unit by a clutch for use up to a starting speed of 25 to 
35 per cent of full load speed. The starting motor is 
disengaged when the firing speed is reached and the fuel 
in the combustion chamber is ignited. Less than 100 hp 
is required to start the unit. 


Tests at Increasing Temperatures 


The test plans for this unit included operation for es- 
tablished periods under prearranged operating condi- 
with gradually inlet temperatures. 
Each test operating period was then followed by a com- 
plete disassembly and full inspection with numerous 
measurements to determine what changes with high- 
temperature parts have taken place. The examinations 
have included thorough search for development of any 


tions increasing 


cracks and also observations of the resistance to oxida 











Fig. 6—Turbine spindle being lowered into casing 


tion. 
time. 

A set of runs was first made with the compressor at 40 
per cent full load, followed by gradual increases up to 
full speed with the gas-generator turbine inlet tempera- 
ture up to 1050 F. Then the temperatures were gradu- 
ally increased, making complete tests at each new level, 
until recently when the power turbine was run at full 
speed and at 1350 F. Both turbines were operated in 
November for over 50 hr at full speed of 5200 rpm, with 
1200 F inlet temperature on the power turbine and 1100 F 
on the gas-generator turbine. In fact, up to the end of 
March the unit had operated 500 hr. According to the 
present schedule it is hoped to have the unit tested at 
1500 F by late summer. 

Until completion of the tests, and pending release by 
the Navy Department, the detailed test results are of a 
restricted nature, but it is anticipated that, eventually, 
a complete report will be made available. 


Obviously, this procedure consumed considerable 
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THE COTTRELL PROCESS OF 
ELECTRICAL PRECIPITATION 


EF... GAS CLEANING, smoke abatement and removal of dust, 
fume, tar and other suspended matter from gas, there has been 
one universally accepted process for more than thirty years. In an- 
swer to your special problem, a Cottrell installation incorporating 
this rich experience in research, development and worldwide oper- 


ation means the complete fulfillment of your requirements. 





RESEARCH CORPORATION 





NEW YORK 17: 405 LEXINGTON AVENUE 
CHICAGO 3: 1232 $0. MICHIGAN AVENUE 
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Combustion Control 


1 


( 


at University Power Plant 


~HE University of North Carolina, founded 150 


vears ago, Was the first state university to be estab 
lished. Provision for it was contained in the consti 
ilopted by that state at the close of the Revolu 
nd a site was chosen in the center of the state near 
ld chapel of the Church of England; hence the name 
upel Hill The University was opened in 1795 
w power plant of the University supplies various 
ces, including a sizable electric load, steam for 
ing im winter, for a large amount of hot water in the 
utories and gymnasiums, for the laundry and for the 


ital and campus hotel In summer the average 
im requirements amount to around 25,000 Ib per hr, 
eas mm winter this is stepped up to 75,000 Ib 
u sJecauuse of the nature of the services the load 
widely 
provide adequate power and steam for the growing 
nd, the University began scrapping its od _ boilet 
in 1940 and started work o1 new power plant 
called for the installation of two pulverized-coal 


Combustion Engineering VU type steam-generating 
(0,000 Ib per hr each continuous rating at 425 
the superheater outlet and 725 F total steam tem 
ture Phe boilers have completely water-cooled fur 
with plam tubes on the front, sides aad roof, and 
is fired by two Type R horizontal burners. They are 
pped with Lyungstrom air preheaters and Eleseo im 
nk superheaters, and three Raymond bowl mills 
the two boilers 
lectric power 1s furmished by a 2500-kw Elhott con 
ng turbime-generator provided with extraction 
nts at 45 pst and 25 psi. The latter, which is auto 
tically controlled, supplies the steam for heating 
ughout the campus whereas the former, under 
ual control, serves to make up any deficiencies of the 
pst extraction. About 90 per cent of the steam ts re 
ned to the boilers as condensate, and the longest 


| steam-heating pipe is about 5000 ft 





1—Forced-draft fan with receiving regulator connected 
to the inlet vane control 
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Because of wide variations in load, the boilers were 
equipped with automatic combustion control. This 1s 
of the air-operated Hagan type regulating the coal feed 
to the mills and primary air damper. Operation of the 
control is simple and is essentially as follows 

he impulse from one compensating relay is imposed 
on the diaphragm of a receiving regulator which controls 
the lever on the variable speed drive of the pulverizer feed- 
er. This regulator positions the lever of this drive so that 
the proper amount of coal will be fed to the mill for each 
votler load. The impulse from a second relay 1s connected 
to the primary air damper of the pulverizer. In this 
manner the damper is properly located for each boiler 
load. The compensating bars on these regulators pro 
vide the means of calibrating the regulators in the field so 
that the exact movement desired of the regulator for each 
loading may be obtained 

he master impulse, at the same time that it 1s to be 
transmitted to the fuel feed controllers, is also imposed on 
the bellows loading of the double diaphragm sender 
Should master loading call for an increased air flow, the 
sending pressure from this diaphragm sender changes so 
that air flow to the boiler is imcreased his merease 
remains in effect until air flow balances master loading 

Che impulse from the diaphragm sender is transmitted 
to a manual control station located on the panel board 
which gives the operator a means of placing the forced 
draft damper under manual control. The impulse ts then 
transmitted to a receiving regulator directly connected to 
the forced-draft fan inlet vanes which are moved by the 
regulator until correct forced-draft air flow is established. 

lo maintain furnace draft constant, a diaphragm regu- 
lator is installed, operating through a relay on the panel 
board to control a receiving regulator connected to the 
induced-draft fan dual drive speed controls in combina 
tion with close damper control. 

rhe plant was designed by W. C. Olsen, of Raleigh, 
N.C., as consulting engineer. 





Fig. 2—Chief engineer, H. I. West, observes the master 
control panel 
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Fig. 1.—Hydrostatic test set-up for highest pressure marine boiler drum ever built. 
blanked. Pressure gage and test pressure pipe are connected. 
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Two flanges remain to be 


Drum is designed for 1535 psi. Drum on car in 


background is ready to enter furnace for stress relief. 


THE FABRICATION OF BOILER DRUMS 
Part 3—Testing and Finishing 


This article describes the normal testing 
and finishing procedure used in connec- 
tion with the fabrication of boiler drums 
at the Chattanooga plant of Combustion 
Engineering Company, Inc. Previous ar- 
ticles of the series appeared in the March 


and April issues. 


HROUGHOUT the process of fabrication of a boiler 

drum, the parts which will be subjected to stress are 

under scrutiny of one kind or another. Four 
methods of checking are used, based on the procedure 
approved by the Power Boiler Code of the Ameri- 
can Society of Mechanical Engineers. 


Inspection 


1. Inspection starts with the delivery of the plate 
from the rolling mills and continues at every stage of 
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By H. R. TOWSE 


Combustion Engineering Company, Inc. 


Photographs by author and by Metallurgical Department 


fabrication thereafter until the finished product leaves 
the plant. This is done by experienced shop men and 
by an insurance company inspector qualified for in 
specting boilers for the particular state or municipality 
in which the boiler is to be installed. In addition to the 
visual inspection of the plate itself, each machine opera 
tion is checked by the foreman in charge. Under special 
conditions or circumstances, other methods of examina- 
tion, which are not in the normal procedure, are available 
for use on specification, such as complete examination by 
chemical analysis, heat treating and micro-photography. 
Also for examination of plate edges prior to welding and 
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other parts which are not X-rayed, a Magnaflux machine 
Supersonic Reflectoscope may be used. 





Physical Testin: 


Physical testing is conducted on test samples ot 
er plate at the completion of the forming operation 
n specimens of the welded test plates at the com 
The bend-test 
specimen of the welded joint is required to be trans 

to the welded the full thickness of the 

ind of rectangular cross-section with the width | 

the thickness of the Che and 
ile surfaces of the weld are required to be machined 
plane surface flush with the plate, 


m of the longitudinal seam weld 
joint of 
specime! inside 
with the edges of 


radius 1 


he sy 


specimen rounded to a 


i 


e thickness of the plate 


tt over 10 per cent 
ecimen 1s bent cold 


er free bending conditions until the least elongation, 

ured within or across approximately the entire 
weld on the outside fibers of the bend-test specimen, is 
) per cent. 


When a crack 1s observed in the convex surface of the 
pecimen between the edges, the specimen is considered 
rave failed and the test is stopped 
the 
The joint 


One tension test 1s required of welded and 


of the 


Jomt 


weld metal specimen is cut so 





Fig. 2 (above).—Radial drill presses are used 
for drilling and reaming tube holes. Drilling 
jig is in position 
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that the direction of the weld is the 
which is required to be the full thickness of the welded 


LCTOSS specimen 
plate after the inner and outer surfaces have been ma 
chined flush with the plate. The tensile strength of the 
welded joint is required to be not less than the minimum 
of the specified tensile strength range of the plate 

The tension-test specimen of the weld metal is re 
quired to be taken entirely from the deposited weld 
metal and its tensile strength must be at least that of the 
mimmum range of the plate which is welded and its 
elongation im 2 in. must be at least 20 per cent 

It necessary, on account of limitations im the capacity 
olf the testing machine, the Code allows the bend and 
transverse tension specimens to be cut with a thin saw 
into as many portions of the thickness as necessary, each 
of which shall meet the requirements. 


Radiographic Examination 


3. Radiographic examination of welds furnishes a 
very valuable method for non-destructive testing of metal 
within the limitations of its applications. The method 1s 
apphed to welds to ascertain the soundness of both the 
weld and the adjacent metal 
gas cavities, slag inclusions, unsatisfactory penetration, 


imperfect Equal spaces are marked 


It shows defects such as 


fusion and cracks. 


Fig. 3 (kelow).—Close-up of tube-hole drilling 
operation; showing jig which is used to assure 
accuracy of alignment 
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Fig. 4.—Radiograph showing porosity 

















Fig. 5.—Radiograph of acceptable we!d 





Fig. 9.—Tension test has been completed on specimen 
in upper part of machine; bend test is being made in 
lower part 


Fig. 6.—Radiograph showing slag inclusiviis 





Fig. 10.—Physical test specimens after testing. Upper 
—all-weld metal tension; center—joint tension; lower— 
bend. 


Fig. 7.—Radiograph showing crosswise crack 
(made without Buckey grid) (Photographs on this page furnished by Metallugical Dept.) 
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nt of the thickness of the plate 
ured in each 


The 


inbers are stamped on the drum for a permanent rec 


on the seams and numbered consecutively. 


Each film bears two consecutive numbers, one at 
h end and as each picture overlaps those preceding 
following, each number appears on two films, thereby 
ring exami ation of the entire seam 
1 addition to being a reliable indicator of the sound 


of boiler drum welds for purposes of acceptance, 
iographie examination is also used in connection with 
development of welding procedures, the traiving and 
mination of welding operators and shop control of 
ld quality. 
\s a check on the radiographic technique, the Code re 
ires that suitable thickness gages, called penetrameters, 
ll be employed to detect defects a thickness equal 
nd greater than 2 per cent of the thickness of the base 
terial 
the 


Sumic iS 


Phe material of penetrameter 
that of the 


ination and the thickness must be 


is required to be 


stantially the plate under ex 


) 


not more than 2 pet 


hree he les ure re 


penetrameter, the diameters being, re 


tively, two, three and four times the peneti 


} Miele! 
kness, but in no case less than mich Phe small 
hole and the identifving numbers must be distinguish 

ble on the radiog: L} h lwo size penetrametesrs are 
ired: one, iiehe | | ch wide Pp! Cs 

t id inelu c] thi the othe 
hes long and ich wide for plate ver riches 
Pwo penetrametet e required each exposure, om 








at each end of the exposed length on tke sice of the plate 
which is nearer the source of radiation. They must be 
parallel and adjacent to the weld seam with the small 
holes at the outer ends. 

During exposure, the film is held as close as possible 
to the surface of the weld on the side farther from the 
source of radiation. When the film is not more than 1 
inch from the surface of the weld, the Code specifies the 
minimum distances between the other weld surface and 
the source of radiation as follows 


Min. Dist. From Source 
of Radiation to Radia 
Plate Tiickness tion Side of Weld 
Up to lin 14 in 
1 to2 in 21 in 
2 tos nm 28 in 
>} to4 im of im 
ftod5im os in 
If it 1s necessary to expose the film at a distance 


greater than | inch from the weld, the Code requires the 


ratio 
Distance fron ource of radiation to weld irfac toward 
radiatior 
I) irik om wel urface toward radiation to filn 
to he at least 7 to 1 except that when a grid of the Buckey 
pe 1s used to reduce scattered radiation, the ratio 
mav be reduced to 5 to 1. The Code states that these 


conditions are imposed so as to obtain a practical maxt- 


mum allowable distortion and magnification of de- 


sin the 


any 


welded seam. 
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Fig. 11.—Completed drums ready for painting; superheater support brackets shown on right-hand drum 
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When the X-ray tube is operated at a voltage of 1000 
kv or more and the Buckey grid is used on plates 3 in. or 
more in thickness, the foregoing specifications on tech- 
nique may be modified in order to suit the particular 
requirements, 

The acceptability of welds examined by radiography is 
judged by comparing the radiographs with a standard 
set of radiographs, reproductions of which may be ob 
tained by purchase from the American Society of Me 
chanical Engineers. . 


Hydrostatic Test 


welded 
Manhole 
» and feed line 


t. After the stress relieving operation, the 
drum is prepared for the hydrostatic test. 
plates are fitted, the pressure gage are con 
and all remaining blanked. The 
water used for testing is required to be not less than the 
temperature of the surrounding atmosphere 
case less than 70 F. The rising pressure is kept under 


nected nozzles are 


and in no 


proper control so that the required test pressure is not 
exceeded by more than 6 per cent. 

Drums are tested to either 1'/. or 2 times the maxi 
mum allowable working pressure known in the 
trade as ‘‘stamping pressure’), depending on the limita 
tions of design approved by the 
July 18, 1945. The hydrostatic test is witnessed by an 
insurance inspector, as specified. 


{ alse ) 


stresses Code as of 


Finishing 


The « lrum is now ready for the finishing operations. 


If required, it is shot-blasted or sand-blasted, as specified, 





otherwise it goes directly from the hydrostatic test blo 
to a face plate for tube hole layout. Here again, t) 
shop inspectors carefully check the work that is bei 
done. . 

The next operation is to drill and ream the tube hok 
A battery of radial di 
this work. Jigs are 
the drilling operation to assure 
hen the drum is cleaned 


grooving them where required. 


presses 1s available for used duri 


accuracy alignmet 
and tube 
with revolving cleaners driven by ait 
point, 


holes are chamfer 
motors. At tl 
there is an internal inspection by a 
the insurances 


represent 
Drum 1 
and af required, drum cha 


tive of company, 


installed 


as specified 
ternals are then 


are fitted. 
‘] nal In spection 
Phe drum is now ready for inspection by an authoriz: 
C-E 
make inspection. 
tube 


inspector and i desired, the customer may al 


Upon approval by the inspectors, t) 
and capped and the drum 


holes are greased 


painted for protection during shipment and the subs 
quent handling 
After a final check by C-E inspectors, the drum 


stamped near and above the manhole with th 
A.S.M.E. Code Symbol and identifying information such 
as the serial number and name of the manufacturer, ve 

built, heating surface and 
sure when built. 
for shipment to the 


erected as part of the 


opening 


maximum allowable pre 
Phe drum is then ready to be load 
customer's plant, where it will b 


assembly of a C-E boiler 


_: QUT mr) 


Fig. 12.—Completed boiler drum ready for shipment 
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In this paper presented at the recent 
Midwest Power Conference, the authors 
relate experience of excessive turbine 
clogging from water-soluble and insoluble 
deposits with the 1300-psi high-makeup 
installation at Commerce Street Station, 
Milwaukee. The insoluble silica deposits 
have been reduced about 90 per cent by 
internal boiler treatment with magnesium 
oxide, in the absence of phosphate; and 
simultaneous internal treatment with 
barium chloride is used for sulphate re- 
duction. Carbonaceous zeolite softeners 
allow operation with extremely low cal- 
cium in the makeup for assurance again3t 
boiler scale formation. 


HE 35,000-kw, 1200-psi, 900-F tandem compound 
turbine installed at the Street power 
plant of the Wisconsin Electric Power Co. in 194] 
10,000 
kw that had been installed over the period of 19053 to 
UW). 


Commerce 





re placed SIX engines Ol an aggregate Capacity of 


| This station is the principal source of steam for the 
| company's central heating system on the west side of the 
Milwaukee river lo take advantage of the obvious 
economies of by-product power generation, the new unit 
was arranged for bleeding to the three-pressure heating 


system. 
Chere are four stages of extraction heating to provide 
cedwater at 390 F Che fourth stage is bled in addition 


to feedwater heating to provide steam for the high 
pressure heating system as well as for a 150-psi line that 
‘booster 


serves as a to the low-pressure system in the 


center of the downtown area Chis tourth extraction 


point also provides steam for the turbine-driven boiler 
ced pumps, exhaust from which is normally routed to 
the low-pressure heating svstem They can, however, 
haust to the Court House main if necessary 
lhe third- and second-stage extraction points are inter 
changeably used as load and pressure conditions require 
to provide steam tor the Court House lines and the low 
pressure downtown heating system \n end pressure of 
) psi is maintained on the Court House line and 5 to 6 
pst on the low-pressure system. The first stage extrac 
ion pomt is under vacuum, so is used only for feedwater 
iting 
In addition to the four points mentioned, a fifth ex 
iction point is provided above the fourth to serve the 
th pressure heating system at times when the electrical 
mad the 
urth point. 


A maximum of 240,000 Ib per hr of bled steam to com 
| 


is too low to maintain suflicient pressure at 


ercial heating 1s contemplated in the design which with 
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Reduction of Turbine-Blade Deposits 
by Water Conditioning 


By M. E. FITZE and F. H. LONG 


Wisconsin Electric Company 


blowdown amounts to some 60 per cent makeup. Under 
such maximum conditions of bleeding, electrical capacity 
is reduced to around 24,000 kw. 

Ihe condenser ‘‘floats’’ on the exhaust, receiving only 
such steam as is not bled off for feedwater heating and 
commercial steam requirements. 

The turbine is served by a 375,000-lb per hr, three- 
drum boiler equipped with a combination radiant and 
convection superheater. There is no reheat. 

In choosing a water treatment system for such high 
makeup, high feedwater temperature and high boiler 
pressure, many factors had to be considered. Success 
had been had at another high makeup plant on the Com- 
pany s system with a hot-process lime-soda_ softener. 
Chis other plant, however, operates at 650 psi. It was 
felt that the more stringent conditions at Commerce 
Street required lower hardness to avoid feed-line deposits 
and lower soluble solids as a margin against feed-line 
corrosion and boiler carryover, than could be obtained 
from a hot-process softener; and besides, space for a hot- 
process softener would have been difficult to arrange. A 
carbonaceous zeolite softener therefore was chosen de- 
spite the fact that no reduction in silica is obtained as 
with the hot A more favorable heat balance 
arrangement and simpler piping layout were also possi- 
ble. Furthermore, vacuum degasification at pH 4 
afforded reduction of CO, in the steam to less than | 
ppm, and final automatic pH adjustment with NaOH, 
afforded a minimum of excess alkalinity. Final internal 
treatment with phosphate in the conventional manner 
was anticipated in the mitial plan 


process. 


Initial Turbine Deposit Trouble 


From the very beginning of high makeup operation 
turbine blade deposits were a serious problem. De 
posits followed the usual pattern found in high-pressure 
machines, namely, water-soluble type in the higher pres- 
sure zones and the hard, tenacious, insoluble silica deposits 
toward the lower end. 
creased from deposits at a more rapid rate as the per- 


In general, stage pressures in- 


centage of makeup increased, but there were occasional 
periods in which the opposite was true for no apparent 
reason. 
Blowdown constant 
makeup afforded a rather constant composition of boiler 
water, which eliminated the possible effect of varying 
A few organic determinations by ether- 


revulation to a percentage of 


concentrations. 
extraction showed no apparent abnormality. 

Carryover measurements of the steam by conductivity 
indicated insufficient accuracy for reliable conclusions, 


4) 








due to the difficulty of correcting for the usual noncon- 
densable gases. Also, lack of a reliable tool for deter- 
mining total solids in the steam wich reasonable rapidity, 
made it difficult to correlate the effect of changes in 
boiler-water treatment without waiting for stage pressure 
readings over a period of several days or weeks. 

Using stage pressures as a guide, several trial attempts 
were made to alleviate carryover by treatment of the 
boiler water with different types of suspended mateviai, 
such as sodium chloride, sulphite and sulphate, bui none 
seemed to help. 

To try to a‘leviate insoluble silica deposits, NaOH was 
tried at about double the SiO, hoping that the sitica 
would remain in the water-soluble si:icate form and thus 
be removable by water washing. ‘This proved not to be 
the case, so the trial was abandoned due to more raj id 
clogging in the high-pressure end. 

Turbine washing was practiced whenever stage pres- 
sures showed the need for it, which was about once a 
month at high makeup loads. Whuile water washing was 
satisfactory for removing the soluble deposits, caustic 
washing afforded only partial removal of the insolubles. 

This constant recurrence of turbine clogging despite 
known low values of carryover, focused attention on the 
problem of silica removal since experience had so thor- 
oughly demonstrated that there was no apparent treat- 
ment or combination of treatments that would prevent 
the actual vaporization of silica directly from the boiler 
water to the steam at the temperatures existing in a 
1300-psi boiler. 

Adaptation of the silica determination to extremely 
small concentrations made it possible for the first time to 
get an idea of just how much silica was being deposited 
on the turbine blading and promptly to evaluate chanzes 
made in treatment. Samples of steam were taken at 
the outlet of the convection superheater, condensed in a 
stainless steel coil and compared with simultaneous 
samples of hotwell condensate. Lower silica in the hot- 
well than at the superheater outlet indicated placing of 
silica deposits on the turbine blading. Considerable 
experience has been had indicatinz the method to be re- 
liable. Silica values in the steam were found consist- 
ently proportional to silica in the boiler water and the 
effect of changes made in boiler treatment were detected 
within half an hour to an hour after the change. It 
appeared that, within limits of accuracy of the test, there 
was a tolerance of around 1.5 to 2 ppm silica in the boiler 
water without turbine deposits becoming too objection- 
able. Since there seemed to be no mavic suppressive 
agent for silica, if such deposits on the turbine blading 
were to be prevented, the silica had to be definitely 
eliminated, especially under 1300-psi conditions. 


Silica Removal by Magnesium 


Use of magnesium for prevention of turbine deposits 
had been tried twice previously at this station in connec- 
tion with other treatments, both in the form of sulphate 
(Epsom salts) and as the oxide, but in the presence of 
phosphate they were found wholly ineffective and were 
abandoned. It had been found that the magnesium 
oxide reacts with the phosphate first until the phosphate 
is practically eliminated, before any reduction in silica 
occurs. Later it was decided to try magnesium in the 
absence of phosphate with the hope that calcium scale 
could be prevented in the final scheme. 
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Since some difliculties were already being experienc: (| 
with deposits of sulphates in radiant superheater tubc 
further increase of sulphates in the boiler was felt und 
sirable, and precluded the use of magnesium sulphate 

The first trial of magnesium oxide for silica removal \11 
absence of phosphate was made in December 1944. $ 
the phosphate was decreased preparatory to add 
magnesium oxide, there was a definite drop in all tl 
silica values, apparently due to the small amount o| 
residual magnesium in the water after the softener 
Addition of magnesium oxide resulted in an immediate 
and large reduction in silica. An equilibrium value ot 
shiehtly over 2 ppm SiQ, was reached in the boiler repr: 
senting a 5:1 reduction. The magnesium oxide was fed 
intermittently on the basis of ', 5 Ib per 5000 gal of mak« 
up. This amounted to 3 ppm of magnesium oxide base | 
on makeup in which SiQ, is quite constant at 5 ppn 
Silica in the steam was around 0.05 ppm with only a trace 
deposited on the turbine blading. 

This trial run which covered a period of 1S hr, gave an 
indication of the possibilities ef this method of silica 
reduction. 
the fear of scale formation due to slight residual calcium 
in the makeup water. Consequently, the next trial run 
was made with phosphate present in sufficient amount to 
precipitate about 3 times the amount of calcium esti 
mated in the makeup water. Although the length of this 
run was about one month, it was during only the latter 
half that treatment conditions were held practically cor 
stant and allowed a fair approach to equilibrium. For 
that half month the following rates of treatment were 
applied intermittently every 10,000 gal of makeup. 


The absence of phosphate, however, led to 


lreatment Lb per 10,000 Gal Ppm (Makeup Ba 
Magnesium oxide 0.25 , 0 
Monosodium phosph 0.40 is 


Organic dispersive agent 0.14 (dry wt 


NaQO ; ppm 
NayPO 2 ppm 
NassSO 110 ppm 
NaCl 28 ppm 
NaeSO ; ppm 
SiO. 7.3 ppm 
Suspended 10 


It was evident that even at low concentrations of ex 
cess phosphate (2 ppm NasPQO,) in the boiler water, very 
little of the magnesium oxide was available for silica re 
moval. A chemical balance indicated that 77 per cent 
of the magnesium oxide was used up by phosphate while 
the other 25 per cent removed 1! 
silica. 

During this run, No. 2 bleeder pressure, which indi 
cates insoluble silica deposition, increased imperceptibly 
compared to a 3 per cent per day increase after stoppage 
of the magnesium oxide and resumption of former high 
silica values. 

The desirability of obtaining lower silica than would be 
practical in conjunction with phosphate, prompted dis- 
continuance of phosphate. Subsequently the rate of 
macnesium oxide treatment was regulated to allow 
approximately 2.5 ppm SiO, in the boiler water. 

The effect of a further increase in magnesium oxide 1s 
shown in the following tabulation: 


, times its weight ol 


MgO, Boiler Water SiOz, Per Cent Blowdown Ratio, Ppm MgO 
Ppm Ppm, Avg of Makeup) Ppm SiO: Removed 
3.6 2.5 22.1 1.6 

4.8 1.8 16.5 2.0 


It will be noted that the 1.2 ppm increase in MgO 
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moved only 0.25 ppm SiOs, calculated no the makeup 
isis, Or a ratio of 5:1, whereas the total overall ratio is 
out 2:1. This difference is indicative of the adsorp 
m principle which is characteristic of this reaction. 

The above data were obtained during low makeup 
eration, 
d low rates of makeup is as follows 


A comparison of MgO to SiQ» ratios at high 


Per Cent 
keup Blowdown Ppm SiO Ppm MgO Ratio, Pom MgO 
Cent of Makeup in Boiler in Makeup Ppm SiQe Removed 
u ye 1.8 * 1.8 
13.8 1.9 7.2 2.6 


he increased ratio at the higher makeup is appar 
utly a function of the time variable in the adsorption 
rocess 
Che reduction of silica in the boiler water to around 2 
ppm has continued for almost a year, and has effected a 
corresponding reduction in turbine clogging as indicated 
bv No. 2 bleeder pressure. 


Barium for Sulphate Reduction 


A companion difficulty along with turbine-blade de 
posits has long been the deposition of solids (largely 
sulphates) in the radiant superheater. One tube failure 
was caused by this and periodic week-end outages for 
boiling out were required. It was therefore felt desirable 
to try reduction of sulphate in the boiler water along 
with magnesium treatment. The first trial was made 
with barium hydroxide, to precipitate the sulphate as 
barium sulphate, thereby reducing the amount that 
could be carried over from the boiler. Results showed a 
fair reduction in sulphates, but the amount was not 
thought large enough to be worth while; so in view of 
the sharp increase in alkalinity (from using barium 
hydroxide) which would increase the water-soluble de- 
posits in the high-pressure end of the turbine, the trial 
was abandoned. A later trial of barium chloride proved 
successful. 

Immediately upon use of the barium chloride, the 
sulphate in the boiler water dropped and the chloride 
increased in equivalent proportion 

Che use of barium has continued for about S'/. months 
in conjunction with magnesium oxide at a constant rate 
of 30 ppm BaClh-2H,O in the makeup, affording 50 to 60 
per cent reduction in sulphate. 

Many operating variables make quantitative compart- 
son of superheater deposits before and after barium 
treatment of questionable value. Superheater wash 
water analyses have always shown predominance of 
sulphate with very little using the 
barium chloride, chloride in the wash water has not in 
creased, indicating the higher chloride in the boiler water 
to be not harmful. Turbine-stage pressure readings be 
lore and after the use of barium chloride confirm this. 

The chemical treatment (including MgO and BaCl,) 
or this boiler has so far been applied intermittently with 

pot feeder delivering to the feed line just after the last 
xtraction heater. Deposits of barium sulphate found 
| the feed line and on check valves necessitated its dis 
ontinuance until means can be had for injecting it 
irect to the boiler. It is also desired to find out if its 
liscontinuance will lessen plugging of rear row boiler 
tubes, though this is hardly to be expected since these 
ear tubes are in a region of sluggish circulation and some 
logging has long been experienced. 


chloride. Since 
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i:ffect of Magnesium Oxide and Barium Chloride Tvreat- 
ment on Internal Boiler Deposits 


The first major trial of magnesium oxide for silica re 
duction was made in the presence of some phosphate. 
This was prior to the use of barium chloride and con- 
tinued for about a month after which the boiler was 
opened for inspection 

Internal inspection showed nothing unusual except 
some thin, nonadherent egg-shell type scale about 0.005 
in. thick that shelled off when the boiler cooled down. 
This scale was located mostly in the downcomer tubes 
from the mud drum to the rear screen header. Chemical 
and X-ray analysis showed it to be a mixture of hydroxy- 
apatite and magnesium hydroxy phosphate, the latter 
predominating. Sludge deposits were not large nor did it 
appear that they might become troublesome. Front 
wall tubes are, of course, subject to maximum rates of 
heat transfer, but turbining of two sample tubes yielded 
nothing in the way of deposits that would be in any 
way alarming. Some rear row boiler tubes were en- 
tirely clogged, but the nature of the deposits were such 
as to prove them to have originated during other previous 
trial runs and had no bearing on the use of magnesium 
for silica reduction. 

Analysis of five samples collected from various parts of 
the boiler showed the following: 


l 2 3 t ) 

Loss on ignition 4 40 > 43 4.42 >. 62 7.18 
Silica ee +. 96 $73 1.89 11.90 
Iron (Fe) 1.93 29 60 27.10 4.88 7.12 
Copper (Cu None 2.76 15.75 None 0.96 
Phosphate (PO 52.60 27 . 26 13.82 50.15 56.19 
Calcium (Ca 8.45 2.34 2.88 12.39 2.36 
Sulphate (SO, 0.30 0.99 1.50 2.04 2.04 
Magnesium 19.40 +14 4.25 15.06 27.80 
Aluminum 0 0 0 0 0 
Samples 

No, | Egg-shell scale chips from bottom of screen drum 

No. 2 lurbinings from front wall tube 

No. 3 From lower end of plugged row of tubes 

No. 4 Rear drum deposits (soft) on rear several rows of tubes 

No. 5 Light powder deposit from lower end first-pass tubes 


Three of the five samples were subjected to X-ray 
analysis. Since the egg-shell scale deposits were found 
to be magnesium hydroxy phosphate, and also the fact 
that phosphate caused the silica removal efficiency to be 
low, the use of phosphate was gradually diminished over 
a period of three weeks and then. stopped entirely. 
Subsequent to the stoppage of phosphate it was found 
possible to reduce the rate of magnesium oxide and still 
maintain the silica at 2 to 3 ppm. 

The egg-shell scale chips previously referred to have 
been found in the boiler on each subsequent inspection. 
Their formation on the rear downcomer tubes has not 
continued, but their presence is explained as being dis- 
lodged from the other surfaces such as drum walls, 
baffles, etc., apparently at times of temperature change. 
Analysis has always shown them high in phosphate, indi- 
cating them to have originated during the early use of 
the magnesium and oxide treatment before the feed of 
phosphate had been entirely stopped. 

Some ten weeks after the stoppage of phosphate feed 
the boiler was shut down over a week-end for soaking the 
radiant superheater, but was not opened up for internal 
inspection. Upon restarting and after being in normal 
operation for several hours, a bottom-row screen tube 
ruptured at a short distance forward from a downward 
bend, located a short distance from the rear header. 
This tube was the fourth one from one side of the boiler. 
The fourth tube from the other side also was bulged at 
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the same relative location, but did not fail. 
tubes had any evidence of overheating. 

Inspection of the screen drum showed an abundant 
accumulation of egg-shell scale chips, analysis of which 
showed them to be magnesium hydroxy phosphate, as 
observed during the previous inspection. These chips 
mixed with an equal amount of sludge had accumulated 
to a depth of about five inches, toward the ends of the 
screen drum, which is about level with the mouth of 
the tube that failed. 

Apparently circulation through the affected tubes 
during the starting-up period was not rapid enough to 
sweep out the deposit of scale and sludge which had 
accumulated while shutting down the boiler, and resulted 
in eventual failure. 

During the failure outage, the rear downcomer sections 
were turbined in order to get rid of most of the egg-shell 
scale. Subsequent inspection about six weeks later 
showed practically no chips in the screen drum and very 
little elsewhere. Complete turbining of the entire boiler 
was done at this time. 

Inspections made after the continued use of barium 
chloride in conjunction with magnesium oxide, have 
shown only a very slight tendency for adherent deposits 
in the rear downcomer tubes. The feedwater trough 
has shown no sign of adherent deposits. 


No other 


Calcium Scale Prevention in the Absence of Phosphate 


In continuing the early trial of magnesium treatment, 
assurance was desired that material was or was not 
gathering on heat-absorbing surfaces, so thermocouples 
were peened into three front-wall tubes on the front side 
where metal temperatures would be a maximum. One 
of the tubes had been just previously turbined, so was 
known to be thoroughly clean. Subsequent operation 
had shown no difference between the turbined tube and 
others that were not, nor have day-to-day temperatures 
shown any definite trend. They have drifted up and 
down between 600 and 700 F with accumulation and re- 
moval of ash deposits on the furnace side of the tubes. 

In the prevention of calcium scale, the desire for an 
anion that would precipitate calcium and not interfere 
with silica removal by magnesium, prompted a short 
trial of 50 ppm sodium fluoride in the boiler water. No 
effect on silica removal was apparent, but the fact that 
the addition of 16 ppm calcium in the form of lime caused 
no disappearance of the fluoride, indicated its ineffective 
ness for scale prevention. The trial was shortly aban 
doned. 

At the present time, assurance of little if any scale is 
afforded by the use of treatment chemicals practically 
free from calcium, excellent condenser tightness, and 
operation of the softeners to maintain ' ,; ppm or less of 
CaCO; in the treated makeup. To obtain this low 
calcium in the treated makeup water, the softener capac- 
ity and flow rate have both been reduced to 85 per cent 
of the original rated values, and the amount of regenera- 
tion chemicals has been increased. 

The ' ; ppm figure quoted above is an average of both 
softener units, one of which passes only 0.05 ppm and the 
other 0.5 ppm CaCO; under the same operating condi- 
tions. It is expected that corrective measures now 
planned will reduce calcium in the effluents to less than 
0.1 ppm CaCO; average and will permit resumption of 
maximum flow rates. 
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Organic Matter in Boiler Water 


When full-load heating conditions were encountercd 
during the current heating season, unusually rapd 
clogging of the high-pressure end of the machine arowd 
No. 4 and No. 5 bleed points was encountered. Boiler 
alkalinity was low, sulphate was held to reasonable 
values with barium chloride and chloride content of the 
water not excessive. The resulting concentrations with 
10 per cent blowdown (makeup basis) were 


NaOH 7 


NargSOx au 
NaCl 140 
SiO: 1.8 
NaeSO, l 
Suspended row 


Despite these apparently favorable conditions, stave 
pressures, especially No. 5, kept mounting at the very 
rapid rate of 3 per cent per day. The reason for this was 
not apparent until during a week-end outage there was 
occasion to inspect the interior of the vacuum deaerator 
used for degasifying the softener effluent. In the bottom 
of the deaerator was found a considerable amount of e» 
tremely fine softener zeolite that had not been evident on 
previous inspections. Plainly, this material was finding 
its way into the boiler. Tests of the boiler water with 
Folin’s reagent for tannins indicated the presence of a 
considerable amount of organic matter, apparently due to 
breakdown of the softener zeolite under boiler tempera 
tures. 

Presence of the zeolite in the makeup seemed due to 
accumulations in a certain run of pipe during the softener 
rinsing process. A slight modification of procedure was 
instituted to flush this accumulation to the sewer. An 
immediate SO per cent decrease in organic content of the 
boiler water resulted and stage pressure increases ri 
turned to normal slow rates (about ' , per cent per day 
Deposits were easily removed by water washing. 

During this period of abnormal high-pressure-end clog 
ging, insoluble silica deposits did not occur appreciably 
in the lower end of the machine. 

Coincident with the change in softener procedure, the 
makeup load was limited to 83 per cent of its maximum 
to reduce the calcium content of the softener effluent 
The effect of maximum makeup loads on organic matter 
with the modified procedure is therefore still to be finally 
determined. 


Turbine Deposit Experience at Low Makeup Plants 


At other 1300-psi plants of this company's system 
where makeup is very low and conventional phosphat 
treatment used, silica values in the boiler water have been 
comparable to these obtained at Commerce Street with 
magnesium oxide treatment. Insoluble silica deposits 
on turbine blading have been about the same as now be 


ing experienced at Commerce Street. 


During early operation of Port Washington No. | and 2 | 


Later ré 
duction of this value to 0.7 ppm has resulted in appr 
ciably less silica deposit on turbine blading. In attempt 
ing more nearly to perfect turbine cleanliness, No. 2 
boiler silica has now been reduced to 0.5 ppm by careful 
reduction of Water-soluble ce 
posits have been no particular problem due to low con 
centrations carried. The small amounts that do form 
are taken care of by condensation during outages. 


units, boiler-water silica was around 2 ppm. 


silica contamination. 
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The British Grid in 1945 


The Central Electricity Board is di 
cting its energies to overcoming, as 
tickly as possible, the difficulties inher 
t in the reconversion period to insure 
iat the Grid contributes to rehabilitation 
Great Britain as effectively as it con 
ibuted to the prosecution of the war 
he Board’s Annual Report covering the 
ar 1945 states that although the return 
» normal conditions is expected, several 

ars will be required to accomplish the 

cessary repairs, replacement and expan 
on, 

rhe Report details the position regard 
ig generating plant capacity in the sta- 
tions associated with the Grid and states 
hat for the four-year period ending with 
“49 the total plant extension progran 
omprises 4,619,200 kw capacity his 
‘pansion includes 18 new stations, con 
truction of which is necessary due to the 
mited room for extending existing gener- 
ting stations 

rhe Board has been greatly concerned 
vith the coal situation during the year 
vhen stocks of some stations were de 
ileted to as low as one to two weeks’ suy 
ply. This situation was aggravated by the 
inferior and often unsuitable quality of 
much of the coal supplied. Since 1939 
there has been a marked increase in the 
ash content of the coal, resulting in un 
jecessary transport, reduced efficiency and 
nereased maintenance costs. It is esti 
inated that these factors combined impos« 
an added financial burden on the consum 
ers of electricity of some €£2,000,000 a 
year 

rhe average price of coal for power get 
eration has more than doubled since 1938 
mounting in 1945 to approximately $8.77 
er long ton, Although the return to 
peacetime conditions has resulted in cer 
tain Operating economies, thus lowering 
he fuei consumption per kilowatt-hour, 
his is not sufficient to balance the i 
creased cost of coal rhe average fuel 
ost per kilowatt-hour increased in 1945 to 
Chis iter 
is been the predominant factor in i 


25 per cent of the 1938 level 
reasing the average generating cost 

Phe wartime peak of 38,356,000,000 
vhr generated in 1944 was 57.4 per cet 
igher than that for 1983S In 19045 this 
ll off 2.8 per cent as was to be expectee 
ith the end of the war According to th 
Report, there is reason to expect that 
hen the immediate difficulti ot post 
ir reconversion have been surmountes 
1 rate of increase will approach the rapt 
ul continious rate experienced prior 

©’ Wal 

During 1945, 99.1 per cent of the ele 
icity supphed in Great Britain (exclud 
g North Scotland) was 
ations which were gencrating for th 
oard At the end of 1945 there were 142 
ations with an aggregate installed ca 
icity of 11,315,951 kw associated with the 
rid, while 51 others were operating for 


produced by 


1¢ Board under temporary arrangements 
rhe maximum demand on the Grid sys 
m occurred on January 25, 1945, when 
i¢ total simultaneous demand rose to 
653,000) kw It was not necessary to 
hed load on this day but the frequeney 
ropped to 49.1 cycles. In order to have 
laintained 50 cycles, the load would hav: 
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been at least 8,792,000 kw On that day 
16 per cent of the output capacity of sta 
tions operating under direction of the 
Board was out of service. . This compares 
very unfavorably with pre-war operation 
when labor for maintenance and repair was 
much more adequate. The load factor 
on the Grid system in 1945 was 45.0 per 
cent as compared to 47.6 per cent in 1944 


Pellets from Anthracite Fines 


With a view to finding an economic 
means of utilizing fine-sized anthracite 
rejects below No. 4 buckwheat, an investi- 
gation by the Anthracite Institute and 
Pennsylvania State College has led to the 
extrusion of this fuel in the form of pellets 
which on test were burned successfully on 
a traveling-grate stoker which had pre- 
viously burned No. 4 buckwheat No 
changes were made in the furnace or the 
stoker grate, but a deeper fuel bed was 
carried to offset the somewhat more por- 
ous and more uniform sizing of the fuel 
Previous to burning, the pellets were air 
dried and although shipped in burlap bags 
a considerable distance, they held their 
original shape without objectionable deg- 
radation No attempt was made to de- 
velop maximum capacity but at a combus 
tion rate of 25 Ib per sq ft per hr the burn- 
ing was reported as uniform with no signs 
of blowholes The ash content was 27 


per cent 


Corrosion-Erosion of Boiler 
Feed Pumps 


he recently published 1944-45 Report 
of the E.E.I. Prime Movers Subcommittee 
Report on “Boiler Auxiliaries’’ contains a 
summary of the results of a survey among 
operating companies and pump manu 
facturers with reference to boiler feed 
pump cCorrosion-erosion Of 52 high 
pressure installations covered, 24 reported 
Many of the 
installations 
nployed pumps of stainless steel con 


troubles of this characte 
maining 2S trouble-free 


truction In fact, there was no case of 
orrosion-erosion failure where 5 per cent 
wv higher chromium was used for pump 
arts, and many have eliminated the 
trouble by installing alloy-steel parts or by 

positing alloy filler metal on the exist 
ig carbon-steel parts. In a few cases the 
’ 


lifficultvy was overcome by changing feed 


vater conditions, such as raising the pH, 
vith recirculation or feeding sodium di 
chromate periodically 
While no definite 


reached as to the primary cause of the 


conclusions were 


trouble, it would appear from the investi 
gation that stations operating with car 
yon-steel casings can probably alleviate 
the condition by reframing from the use of 
sodium sulphite, by maimtaining a pH 
between 9% and 9.5, and by rotating their 
pumps in service. The difficulty does not 
appear to be associated with high temper 
ature, as was at first suspected 

rhe study, as applying to existing car 
bon-steel pumping equipment, indicates 
1) that black ferrous oxide, which is most 
frequently associated with the presence of 
sodium sulphite, is more easily eroded 
away from the metal surface than red 


ferric oxide; (2) that a high pH value is 
most favorable, providing it is due to a def- 
inite alkaline salt addition, rather than to 
the presence of transient ammonia; (3) 
that pumps rotated in service under water 
conditions which develop a red ferric oxide 
coating have a better record than those 
operating continuously, the reverse being 
true where a black oxide coating exists; 
and (4) that where the sulphite content of 
boiler water exceeds 5 to 10 ppm there is a 
tendency for it to break down 

There is nothing positive to indicate 
that a small amount of oxygen, and the 
red oxide coating which may result there- 
from, is sufficiently protective to avoid 
corrosion-erosion where velocities are not 
Nevertheless, the committee, 
viewing this question broadly, was of the 
opinion that it might be helpful 

The percentage of failures with heads 
over 300 psi per stage was the same as that 
in which the stage pressure was less than 
200 psi, thus indicating that stage pres 
sure, by itself, is not a factor in evaluating 
potential corrosion-erosion troubles It 


excessive 


was noted, however, that variable-speed 
pumps show a lower percentage of such 
difficulties than those operated at constant 


speed 


German Power Practice 


Wartime advances by the German 
power industry, though limited, include 
several innovations in technical operation 
and construction of potential interest to 
American industry, according to a report 
released by the Office of the Publication 
Board, Department of Commerce. The 
report, covering a detailed survey of the 
German power industry, equipment and 
operating methods, was prepared by in 
vestigators of the Technical Industrial 
Intelligence Branch, Department of Com- 
merce 

The investigators learned that BEWAG, 
Berlin's principal electric system, operated 
without a major breakdown from 1927 to 
1944, and maintained an adequate power 
supply even during the last year of the war 
his system consists of nine central sta 
tions in Berlin itself, all interconnected, 
and tied in with a number of power plants 
of companies outside Berlin 

Among the wartime innovations men- 
tioned in the report is the use at the Boh- 
len plant of channel-type superheaters, 
added ahead of the main superheater sec 
tion in some of the boilers to overcome 
slagging difficulties. 

A Schmidt-Hartmann type boiler served 
as a double evaporation unit at the Bitter 
feld plant. The saturated steam gener 
ated in the boiler tubes was collected in 
an upper drum. From there it passed 
through a heat exchanger drum, where the 
second cycle steam was generated and 
passed to the superheaters and turbines 
Steam from the primary boiler generation 
was condensed in the heat exchanger 
drum, and the condensate was returned 
to the primary boiler system. The pri 
mary boiler system required only one or 
two gallons of makeup water per week 

In general, the Germans showed a tend 
ency to obtain turbine-generated power 
and supply process steam through the use 
of steam transformers. In this way they 
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COAL VALVES 


should be “prescription - built” 





e@ Coal Valve requirements 7 K 
vary from plant to plant ns 0. 
no two have the same coal a 
feeding problems. That's Coal Valves 
Po base the design of 
.E.Co. Coal Values on a 4 
careful and continuing are. 
study of current boiler plant 
requirements. Because of 
this, the standard S.E.Co. Coal Valve will fit most every 
need. If it doesn’t meet your specific needs we are pre- 
pared to specially engineer a S.E.Co. Coal Valve that will! 
To illustrate the variety of S.E.Co. Coal Valves there 
are 122 standard sizes available! We make them in 7 
basic sizes, with square or round top and bottom flanges, 
with studs in the top flange or bolted top flange. These 
arrangements are available in any combination, for 
vertical or inclined installations. We build a large 
number of modifications so that whatever your needs, 
there is a S.E.Co. Coal Valve to suit your requirements. 
Write for catalog sheets. Address Stock Engineering 
Co., 713 Hanna Bldg., Cleveland 15, Ohio. 








* 
oe} iter! 
Non-Segregating 


Coal Distributors 


* 
~F «oF 


Coal Valves and Coal Scales 


obtained steam transformer condensate « 
drips for the high-pressure feed-water sy 
tem. 

It is also noted that the German defin 
tion of good steam purity is 3 to 4 pp: 
solids in the steam, in contrast wit 
American standards of much high 
purity. 


HENRY KREISINGER 


Henry Kreisinger, Director of Researe 
for Combustion Engineering Company ar 
an internationally recognized authority o 
fuels, died following a brief illness at tl 
Presbyterian Hospital, New York, o 
Tuesday afternoon, May 7. 

Born at Radnice, Bohemia, in 1876, Mi 
Kreisinger came to the United States i 
ISY1 and secured employment in variou 
machine shops in or about Chicago ear: 
ing the means to prepare himself for a tec! 





nical education. He entered the Univer- 
sity of Illinois in 1900 and graduated in 
1904 with the degree of B.S. in Mechanical 
Engineering In 1906 he received the 
M.E. degree. 

His early work in fuels was in connection 
with tests conducted by the U. S. Geologi- 
ical Survey at St. Louis, Norfolk and Pitts 
burgh from 1907 to 1910. For the next 
three years he was fuel engineer of the 
Clinchfield Fuel Company and _ then 
joined the U. S. Bureau of Mines, where 
he became supervising engineer in charge 
of the fuel section. He joined Combustion 
Engineering Company in 1920 and de 
voted much of his time in the next few 
years to pioneer work in the development 
of pulverized-coal firing for steam boilers 
and the application of water-cooling to 
furnace bottoms, followed by completely 
water-cooled furnaces, which made possible 


| the widespread use of pulverized-coal-fir- 


ing for large steam generating units. In 
recent years, as Director of Research of 
Combustion Engineering Company, he has 


| been -responsible for extensive investiga- 


tions of furnace temperature and heat ab- 


| sorption. He was the holder of many pat 


ents dealing with fuel-burning applica- 


| tions. 
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Mr. Kreisinger was long a member of 
e American Society of Mechanical En 
icers, the American Institute of Mining 
d Metallurgical Engineers, and th 
ierican Association for the Advan 
nt of Science, and was the recipient of 
uly engineering honors, including the 
anute Medal and the Percy Nicholl 
vard in 1043 for notable scientific and 
lustrial achievernent in the field of 
lid fuels He was also the author of 
merous papers before engineering so 
ties and articles on fuels and heat-trans 
r subjects in the technical pre 
Surviving are his wife, Ella M. Krei 
ger; ason, Robert Kreisinger; and two 
itughters, Dr. Elizabeth C. Kreisinget 
d Mrs. Arthur Selvey 





@ One industrial plant increased its coal-pile depth from 48 to 116 feet, 
and boosted pile capacity from 39,000 to 150,000 tons in limited space. 
Although probably the highest coal pile in the world, fire hazard is actually 


E.E.I. to Meet in June 


reduced because pressure within the pile minimizes the air content. 


rhe first post-war annual convention of To accomplish this, Beaumont engineers installed an aerial bridle sys- 


1¢ Edison Electric Institute will be held tem suspended from three 85° towers with the tail block position remotely 
it the Waldorf-Astoria Hotel in New York 


on June 3-5. A whole session will be giv 


‘ 


controlled from the operator's station on the previously installed Beau- 


; mont cable drag scraper system. 
ver to the subject of atomic energy 


which the views of several leaders in nu Although your coal storage problem may not be as difficult as this one, 
clear research and in the utility field will chances are that Beaumont’s 40 years’ experience can save you time, 
be expressed. Other sessions will discuss trouble and money in finding the solution. Write outlining your 






uch subjects as opportunities for young 
men in the utility field, distribution, ele 
trical problems, commercial programs 


requirements. 


BEAUMONT BIRCH COMPANY 


15€C6 RACE STREET PHILADELPHIA 2, PA. 
DESIGNERS + MANUFACTURERS + ERECTORS OF COAL AND ASH HANDLING SYSTEMS 


lomestic load applications, rural electri 
fication, industrial relations, and general 
problems related to the electrical utility 


held 








A COPY OF CATALOG GIVING FULL DESCRIPTION AND ENGINEERING DATA SENT UPON REQUEST. 


FLEXIBLE COUPLINGS 


POOLE FOUNDRY & MACHINE COMPANY WOODBERRY, BALTIMORE. MD. 
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COAL VALVES 


should be “prescription - built” 





@ Coal Valve requirements % kK 
vary from plant to plant a Lo. 
no two have the same coal - 
feeding problems. That's Coal V alves 
7, we base the design of 
.E.Co. Coal Values on a , 
careful and continuing are. 
study of current boiler plant 
requirements. Because of 
this, the standard S.E.Co. Coal Valve will fit most every 
need. If it doesn’t meet your specific needs we are pre- 
pared to specially engineer a S.E.Co. Coal Valve that will! 
To illustrate the variety of S.E.Co. Coal Valves there 
are 122 standard sizes available! We make them in 7 
basic sizes, with square or round top and bottom flanges, 
with studs in the top flange or bolted top flange. These 
arrangements are available in any combination, for 
vertical or inclined installations. We build a large 
number of modifications so that whatever your needs, 
there is a S.E.Co. Coal Valve to suit your requirements. 
Write for catalog sheets. Address Stock Engineering 
Co., 713 Hanna Bldg., Cleveland 15, Ohio. 








* 
CONICAL 
Non-Segregating 


Coal Distributors 


* 
S.E:CO. 


Coal Valves and Coal Scales 


{ obtained steam transformer condensat: 


| sorption. He was the holder of many pat 





drips for the high-pressure feed-water sy 
tem, 

It is also noted that the German defi 
tion of good steam purity is 3 to 4 py 
solids in the steam, in contrast wi 
American standards of much _higl 
purity. 





HENRY KREISINGER 


Henry Kreisinger, Director of Resear 
for Combustion Engineering Company a 
an internationally recognized authority 
fuels, died following a brief illness at t! 
Presbyterian Hospital, New York, 
Tuesday afternoon, May 7 

Born at Radnice, Bohemia, in 1876, M 
Kreisinger came to the United States j 
ISYL and secured employment in vario 
machine shops in or about Chicago ear 
ing the means to prepare himself for a tec! 





nical education He entered the Univer 
sity of Illinois in 1900 and graduated in 
1904 with the degree of B.S. in Mechanical 
Engineering In 1906 he received the 
M.E. degree. 

His early work in fuels was in connection 
with tests conducted by the U. S. Geologi- 
ical Survey at St. Louis, Norfolk and Pitts 
burgh from 1907 to 1910. For the next 
three years he was fuel engineer of the 
Clinchfield Fuel Company and _ then 
joined the U. S. Bureau of Mines, where 
he became supervising engineer in charge 
of the fuel section. He joined Combustion 
Engineering Company in 1920 and de 
voted much of his time in the next few 
years to pioneer work in the development 
of pulverized-coal firing for steam boilers 
and the application of water-cooling to 
furnace bottoms, followed by completely 
water-cooled furnaces, which made possibk 
the widespread use of pulverized-coal-fir 
ing for large steam generating units. In 
recent years, as Director of Research of 
Combustion Engineering Company, he has 
been responsible for extensive investiga- 
tions of furnace temperature and heat ab 


ents dealing with fuel-b:rning applica- 
tions. 
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Mr. Kreisinger was long a member of 
American Society of Mechanical I 
eers, the American Institute of Mini 
| Metallurgical Engineers, and 
ierican Association for the Advan 
nt of Science, and was the recipient of 
iny engineering honors, including tl 
anute Medal and the Perey Nicholl 
vard in 1948 for notable scientific and 
lustrial achievement in the field of 
id fuels He was also the author of 
merous papers before engineering 
ties and articles on fuels and heat-tran 
subjects in the technical pre 
Surviving are his wife, Ella M. Krei 
ger; ason, Robert Kreisinger; and two 
iughters, Dr. Elizabeth C. Kreisinger 
d Mrs. Arthur Selvey 
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rhe first post-war annual convention of To accomplish this, Beaumont engineers installed an aerial bridle sys- 


reduced because pressure within the pile minimizes the air content. 


e Edison Electric Institute will be held tem suspended from three 85’ towers with the tail block position remotely 
t the Waldorf-Astoria Hotel in New York 


. controlled from the operator's station on the previously installed Beau- 
i June 3-5. A whole session will be giv 


: mont cable drag seraper system. 
ver to the subject of atomic energy ‘ 
vhich the views of several leaders in m Although your coal storage problem may not be as difficult as this one, 
ear research and in the utility field wil chances are that Beaumont’s 40 years’ experience can save you time, 


expressed. Other sessions will discu trouble and money in finding the solution. Write outlining your 
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trical problems, commercial progran 

omestic load applications, rural electri 
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problems related to th 
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Here’s Safety-Assuring 
Precision in Automatic 


PRESSURE CONTROL- 





extremely 
sensitive 


New 


Swartwout Master 
Pressure Control 


The safety you need for personnel, equipment and 
work in process requires dependable accuracy in 
controlling modern high pressures. Almost un- 
believably sensitive in its reaction to pressure 
changes, the new Swartwout “P-2” Pressure Master 
Control acts instantly to hold forces to a narrow 
range through its control of regulating valves. 
It’s a precision instrument of simple rugged con- 
struction. Requires but two adjustments. Handles 
problems of regulation of steam or other vapors 
and fluids. Assures stability of control for 
reducing, relief, spill-over, pump control and 
other functions. 

Swartwout Type P-2 Pressure Master is com- 
pact, soundly engineered — is housed in a modern 
dust-proof case, easily 
accessible through front 
hinged door: a practical 
solution to many of your 
regulation problems. 





Put your pressure regulation on 
a worry-free basis. Write today 
for Swartwout Data Unit No. 
S-203 describing the new P-2 
Pressure Master Control. 











THE SWARTWOUT COMPANY e 18511 Euclid Ave.. Cleveland 12, Ohio 
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REFRACTORY CEMENT 
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we 
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REFRACTORY CEMENT 
Serres Clem al 


REFRACTORY CEMENT 


Core rmen (base cries (are 








R&T 3000 Refractory Cement clings to fire- 
brick with a bulldog grip because it is so finely 
ground that it penetrates far into every pore of the 
brick. This feature permits its use for thin joints. 

It does not shrink, spall, bulge, crack, pull or 
fall out under the most severe firing conditions. 


Brick are protected against slag and abrasion. 


Intermittent firing will not crack #3000 for it 


has the same expansion and contraction as #1] 
firebrick. 


It air-sets at normal temperatures and gains full 
strength without heat, 


extra life can also be added lo brickwork by 
washcoating it with R & T3000.) [tis ideal for hot 
or cold patching. 


Look for the green drum. Your supply house 
has it, 


Bulletin R-44 contains some interesting facets Wrile for a copy 


Refractory & Insulation Corp. 


124 Wall Street New York 5, N. Y. 


Chicago 4, Ill. Detroit 16, Mich. 
Philadelphia 3, Pa. Newark 2, N. J. 


R&I #3000 
Refractory Cement 
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|| REVIEW OF NEW BOOKS 


Any of the books here reviewed may be secured through 
' § Combustion Publishing Company, Inc., 200 Madison Ave., N. Y. 





Elementary Mechanics of 


Fluids 


By Hunter Rouse 


ri} | The author, who is professor of fluid 
chanics and director of hydraulic § re 

irch at the State University of Lowa, ha 

ypted a method of presentation differ 

from the conventional that is uniqu 

make readily understandable tl 
ciples underlying the manifold uses i 

av's engineering of fluid flow Phi 

omplhi hed by deve lopn ent of the usual 
uations for flow of fluids starting fron 
Deriva 
Prol len ul 


of applhicatior 


basic equations of mechani 
are readily followed 
luded, both as example 
the text and of a nature akin to those 
practicing cnginecr cncounter 
The book contains eleven chapter 
unely, Introduction to the Study of 
luid Motion, Fluid Velocity and Accel 
ration, Pressure Variation in Accelerate 
ow, Effects of Gravity on Fluid Motion 
One Dimensional Method of Flow An 
ysis, Effects of Viscosity on Fluid Motior 
irtac Resistance, Form Resistance, Lift 
Surface Tension Phe 
ibility in Fluid Motio 


re ts also an appendix in which ts sur 


ind’ Propulsion 
' Role of Compre 
irized useful information on the applica 
m of the principles of dimensional analy 
and on the mechanical properties of 
monly used liquids and gase 
For those cle iring to delve deeper into 
cil problems the book will be found 
Ildocumented with pertinent reference 
The volume contains 376 pages, 6 


and is priced at 34.00 


Statistical Thermodynamics 
By Erwin Schrédinger 


} rhis is a course of seminar lectures de- 
livered at the School of Theoretical Phys- 
Dublin Institute for Advanced Stud 

les, the object of which, according to 

} Professor Schrédinger, was 
riefly one simple, 


“to deve lop 
unified, standard 
le | method capable of dealing, without chang 
g the fundamental attitude, with all 

} cases and with every new problem that 

iV arise The text, which is far from 

mentary and comprises considerablk 
ithematical analysis, is intended for th 

ore advanced student of thermodynam 


Che author has condensed those topics 
| lich appear in many textbooks but has 
ilt at greater length with vital points 
hich are usually passed over in all but 
rge monographs (such as Fowler's and 
Iiman's He discusses two different at 
' tudes as regards the physical application 
f the mathematical result 
Chere are 8&8 pages, approximately 5 X 7 
, and the price is $1.50 
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Inspection Handbook for 
Manual Metal-Arc Welding 


Phi handbook of 156 page prepared 
American Welding Society, is the 
ost complete and authoritative manual 


by the 
that ha vet beer publi hed on welding 
pection It covers the requirement 
ind duties of a welding inspector, method 
of testing welds, and contains a compre 

ive description of weld inspection by 
visual, magnetic-particle and radiographi 
nethod One section discusses the prin 
cipal types of weld defects and indicate 
how they mav be detectes and corrected 


Che book 1 


ind is intended to serve as a reliable source 


written in simple language 


of information on any welding inspection 


problet rhe price is $1.50 


Fluid Measurement 


\ complete yet concise treatment of 
fluid measurement, including related fas 
tors, equipment, equations and computa 


tions in terms of steam, water, oil and gas 
offered in a new edition of ‘The 
Flow Me ter Handbook, 4 


ompiled and edited by Louis Gess and 


How, ts 


Engineering 


R. LD. Irwin of the flowmeter engineering 
epartment of Brown Instrument Com 
pany division of Minneapolis-Honeywell 
Regulator Company 

Che first chapter discusses principles of 
orifice meter measurement followed by 
ucceeding chapters on the orifice plate and 
lifferential connections, flowmeter details, 


t 


tlow approximation tables, derivations « 
vorking formula, working equations, con 
pressibility of gases, relationship between 
coeflicient of discharge, viscosity of fluids 
and orifice calculations for steam, water, 
oil and gas flow rhe final chapters are 
given over to a summary of equations and 
nomenclature, changes for corrections in 
operating conditions, and volume compu 
tations 
It is priced at $2.50 


Supplement to Book of 
A.S.T.M. Standards 


lo keep up to date the biennially pub 
lished Book of A.S.T.M. Standards, the 
American Society for Testing Materials in 
the intervening vear issues supplements to 
each part of the book. The 1945 Supple 
ments recently issued in three parts, give 
in their latest approved form some 230 
specifications, tests and definitions which 
were either issued for the first time in 
1945 or revised since their appearance in 
the 1944 Book 

Part I on Metals, of 395 pages, includes 
over S85) standards covering ferrous and 
nonferrous materials Part II on Non 


tallic Materials (Constructional), of 2 


250 
pages, has 50 standards. Part III on Non 

etallic Materials (General), 
volume, with 500 pages includes over 95 


the largest 


Standards. Specifications and tests cover 
coal, thermometers, petroleum products 
and lubricants, electrical insulating mat¢ 
rials, plastics, rubber products, shipping 


containers, textile materials, paper and 
paper products, soaps and other deter 
gents, naval stores, water for industrial 
uses and industrial aromatic hydrocarbons 

Copies are $4.00 per part, or all three 
parts for $12.00 


able cloth binding 


Each is bound in a dur 

Heavy-leather bind 
ings are available upon the additional pay 
ment of $2.00 per part. The three 1945 
Supplements, plus the Book of Standards, 
give a complete set of all A.S.T.M. speci 
fications and tests, excepting thase on 
chemical analysis of metals which are in a 
pecial volume 


Smoke Abatement 


Proceedings of the 1945 Conference on 
Smoke Abatement and Conservation of 
Fuels has recently been published by th 
Smoke Prevention Association of America 
Issued in multigraphed form covering 105 
pages with illustrations, the text contains 
fifteen papers presented at the Columbus, 
O., meeting last October, together with the 
discussion on each The titles include 
District Heating, Trends in Development 
of Smokeless Fuels, National Fuel Con 
servation, Railroad Smoke Prevention, 
Elimination of Black Smoke, Meteorology 
and Smoke Abatement, Dust Collection 
Devices for Preventing Atmospheric Pol 
lution, The Locomotive Gas Turbine, 
Under Grate Air Distribution, Ring 
Blower Design, Combustion Controls, The 
Application and Interpretation of Coal 
Analysis, and Elimination of Nutsances 
Accompanying Incineration 

Copies may be obtained from the Pub 
licity Director of the Smoke Prevention 
America at City Hall 


Price, & 


Association of 
Square Building, Chicago 2, Ill 


Materials Handling Manual 


Edited by M. M. Williamson and 
G. W. Williamson 


This volume which deals with British 
practice, covers the handling of materials 
of all kinds as encountered in various 
industries. Included are chapters on coal 
and ash handling for modern power sta 
tions and others on traveling, jib and 
mobile cranes, as well as speed trans 
mission equipment. Typical layouts are 
provided. Each chapter is under separate 
authorship 

The text is profusely illustrated by 
more than four hundred pictures and 
diagrams. There are 488 pages, 8! 

5'/s in. and the price is 30 shillings (ap- 
proximately $6.00 


Graphical Symbols 


The A.S.A. has just issued the ““Amert 
can Standard Graphical Symbols for Elec 
tric Power and Control."’ Sponsored by 
A.S.M.E. and A.LE.E., 
were prepared by representatives of vari 


these symbols 


ous bodies that have occasion to employ 
such symbols on drawings. Copies are 
available at 40 cents each from the Ameri 
can Standards Association, 70 E. 45th 


St., New York 17, N. ¥ 
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NEW CATALOGS 
AND BULLETINS 


Any of these publications will be sent on request 





Alkalinity Titrations 


An improved ‘‘Methyl-Purple”’ indica 
tor, replacing methyl-orange for total al 
kalinity titrations, is described in a bulle 
tin issued by the Fleisher Chemical Com 
pany 


Boiler Water Treatment 


A packaged unit for boiler water treat- 
ment has just been announced by “Pro 
portioneers, Inc.” This new unit in- 
cludes an ‘‘Adjust-O-Feeder’’ compactly 
mounted with a motor on the same base 
with a chemical tank and agitator. It 
automatically feeds treating chemicals 
and compounds for the control of scale, 
pitting and corrosion. 


Condenser Tube Inserts 


A new bulletin just issued by Condenser 
Service & Engineering Co., 
*‘Flowrites’’, metal inserts for inlet ends of 
condenser tubes, which prevent tube end 


erosion 


describes 


It includes a report of tests con 
ducted at the Massachusetts Institute of 
Technology, with tables, graphs, and data 
showing how condenser operation is im 
proved with Flowrites. Installation in 
structions are included. 


Evaporators 


A new bulletin on evaporators for dis 
tilling boiler feed makeup has been issued 
by The Griscom-Russell Co 
scribing and illustrating different types of 
‘‘Bentube”’ evaporators for various ca 
pacities and pressures, the bulletin dis 
cusses evaporator systems and their asso 
ciation with plant heat balance 


Besides de 


Feedwater Regulators 


Bailey Meter Company has published 
an attractive 8-page bulletin (No. 83-C 
describing the features of its Thermo 
Hydraulic Feedwater Regulators. A color 
ful full-page schematic diagram illustrates 
the text describing the principles of op- 
eration. 


Fuel Loss Calculator 


A slide rule type of calculator of par 
ticular interest to boiler room operators is 
being offered by The Hays Corporation, 
Michigan City. This is used after the per 
cent of CO, in the flue gas, the tempera 
ture of the flue gas and the room tempera 
ture have been determined, and is based 
on several fuels of different analyses and a 
wide range of flue gas temperatures. 

The figures on the calculator reveal the 
per cent of total heat loss in the flue gas. 
Instructions accompanying the calculator 
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show how heat loss can be converted into 
fuel loss which is really the information 
the engixeer is seeking 

The calculator is being distributed to all 
interested users without cost 


Flow Indicators 

A full detailed description of Schutte & 
Koerting flow indicators, including sec 
tional drawings of construction features, 
operation principles, applications and 
characteristics of the different types are 
available in Bulletin No. 18-W, Schutte 
and Koerting Co., 12th & Thompson Sta., 
Philadelphia 22, Pa 


Gas Anelyzer 

The Hays Corporation announces the 
development of a special analyzer for test 
ing the high purity of oxygen, carbon diox 
ide, and nitrogen in the range from 90 to 
100 per cett It is Known as the Hays 
Series ““E’’ and is quite similar to th 
standard orsat but its technique in opera 
tion differs somewhat 

It is offered in two styles a_ wall 
nounted model for permanent istallation 





and a portable model supplied in a nea 
metal case with leather carrying handk 
It may be had with a single unit or wit 
two units. A junior model (Series EJ) i 
also obtainable with a burette capacity « 
30 ce. The smaller model measures 6! 
«x 99 0" & 3°.” and weighs, fully charge: 
less than six pounds 

All models feature a new four-way valy 
designed by Hays engineers to consery 
space and facilitate operation An ey 
planatory bulletin (Pub. 45-743) will b 
sent to those interested 


Power Plant Equipment 


Bulletin Q-12 issued by the Elliott Con 
pany describes and illustrates equipmer 
produced by that company for pow 
plants and industrial processes, 
from steam turbines, motors, generator 
and feedwater heaters to turbocharge 


steam jet ejyectors and centrifugal blower 


Thermocouples 


Wheelco Instruments Company ha 
issued a new 382-page edition of its Ther 
mocounle Data Book and Catalog. (Bull 
tin S2-6 It gives information on selec 


tion of proper thermocouples and carr 


installation at It deseribes and hist 
ri and recommendations on thermo 
coup] thermocouple wire, lead wi 
heads ‘ , plug and so ASS¢ 
bh isulators, and protecting tubs 





rangi 





When you handle 


your Coal with a 


SAUERMAN 


1-MAN SCRAPER 
STORAGE SYSTEM 


Plant executives can tell you that 
they have licked the coal handling 
problem—that they are storing and 
reclaiming their coal at a cost of 
only a few cents a ton—that with 
Sauerman equipment they are akle 
to utilize ground space of any size 
and shape, building higher piles 
than otherwise possible—piling in 
compact layers with no segregation 

no air pockets for spontaneous 
combustion. 


the evidence? Send NOW for catalog. 











All this is done with a simple one-man machine. 


Economy of Labor 
plus FAST, SAFE OPERATION 


—_— 


Picture shows stockpile at 25,000 KW. central 
station where a 1 cu. yd. Sauerman Scraper 
stores and reclaims from 130,090 tons of coal 
per year. These scrapers are made in sizes 


to carry from ',-ton to 8-ton loads of coal 


Isn't it worth while to examine 


SAUERMAN BROS., Inc. 


550 S. CLINTON ST., CHICAGO 7, 


ILL. 
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BOOKS 











Hand- 


-Marine Engineers’ 
book 
Prov. J. M. 


DITED BY LABBERTON 


) pages }! a $7.50 

' | handbook is designed by the pub 
ers aS a successor to Sterling's Marin 
kugimeers’ Handbook, once the Bibl 


the marine engineering profession 

work has been practically re-written 
is as modern and up-to-date as the 
s now under construction 


the handbook is a compilation of the 


sixty-three specialists under thi 
torship of Professor J. M. Labberton 
While principally a designer's and tech 
handbook, the 
find 
Ipful information, particularly in tl 


k ol 


il student’s operating 


yineer will a considerable amount 


tion on boi Ts 


he field ts thoroughly covered wit 
tion on engineering fundamental 
design and construction, mari 
er generation, boilers of various typ 
firing and handling turbines, steat 
: internal combustion engin 
ulsion, auNiliark deck machinery 
iting and ventilating, clectrical engi 


ing, refrigeration, tests and ship trial 


ubjects are well covered from th 
theory and equations, and amplified 
design data, charts, curve desery 


ind construction detail 


2—Boiler Room Questions and 
Answers 


By ALEX HIGGINS 


/ pages s eo Ft Price 83.01 


need for a reliable and up-to-dat 


k on boiler room practice and of 
irticular merit for those men who ar 
wlying for licenses or certificat as 


rating engineers) has been adequately 


text 


Che Question and 
nt and the 


Answer form 1s ¢ 


prehensive review of typical examina 
i questions on the essential principl 


lesign, construction and operation ol 


ers and boiler room accessories rhe 


\nswers are couched in simpk 
the candidate for a license an excel 


example of how to handle the que 


s+ posed to him in his written e 


nation. 


NAME 
‘DDRESS 
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terms ana 


in this volume by Alex Higgin 
Parts of the book have already appeared 
the pages of Power magazine, and 
inv illustrations of fine quality support 


2t) chapters comprise a 


3—The Modern Gas Turbine 


By R. Tom SAWYER 
216 page 6x 9 Price $4.00 


Although the 
the gas turbine was known more than 2000 


fundamental principle of 


years ago, its development in_ recent 


years has been so rapid that no one in 
field can afford to 
possibilities. For 
Sawyer’s book will have 
particular appeal to those engineers who 
to be to the latest ap 
turbine as a super 


the power generation 
imiminent 


this reason, Mr 


ignore its 


want informed as 


plications of the gas 


charger and as a prime mover 


rhe author has compiled an authorita 


tive treatise which outlines the earliest 


concepts of the gas turbine and traces 


development from hot air engines 


built at the begmning of the eighteenth 


itury to modern times It covers ap 


plication to supercharged diesel 


he Gas Turbine 


ngines 
and includes chapters on ‘| 
| Marin 
Purbine 


Industry in 
ilso The Gas 


Service and 
Con 
Exhaust 


I OcomMmottive 
h The 


Aircraft E 


luding chapters deal wit 


lurlocupercharger on ngines 
und The Gas Turbine as an Arrcraft 
Prime Mover, including Jet Propulsion 


The book 1s generously illustrated and 


three pages of general references 


l0-page inden 


4—Chemistry of Coal Utiliza- 
tion (2 volumes 


Sy) pages Price S20.00) 


This book is in two volumes containing 
about 1850 pages and was sponsored by a 
special committee of the Division of Chem 

try and Chemical Technology of the Na 
tional Research Council his committee, 


headed by Dr. H. H 


Institute of 


Lowry of Carnegi 


Pec hnology, consisted of forty 


embers representing various research 
titutes and commercial organizations 
interested in coal It arranged the sub 


ct matter into forty chapters, each deal 
phase of the 
text 


g with one subject, and 
was assigned to 
selected 
experience 
15.000 


reparation of the 
because of 

rhese 
pages ol 


authors, 
training 
authors 


twenty-nine 
their and 
re viewed some 
literature on the subject, published in ten 
languages. Wherever possible, digests of 
the original articles are incorporated and 
the text is well supplied with references 


to the original publications 


5—Applied Energy Conversion 


By B. G. A. SKROTSKI AND W. A. VoPaAt 


509 pages 6 x*« 9 Price $5.00 
Despite its broad title, the text of this 
book deals with power plants of the steam, 
internal and hydro types, 
with considerable attention being paid to 


combustion, 


the general economic side of power produc 
tion and performance. Typical equip- 
ment entering into such plants is briefly 
described and illustrated without going 
into design problems, as it is felt that 
these come within the province of special- 
ists among the equipment manufacturers 
“Raw 
devoted to the classification and 


Beginning with a chapter on 
Ene igZy Py 
characteristics of coals, oil, gas and refuse 


fuels, the book 
bustion calculations, 


takes up, in order, com 


methods of firing, 


steam-generating units, prime mover;rs, 


feedwater systems, steam plant cycles and 


heat balance, diesel and gas engine plants, 


hydro power, power plant developments, 


general economic problems, load curves, 


selection of plant and equipment, and 


station performance and operating char- 


acteristics; also concluding chapters on 


specific energy problems and _ energy 


rates 


The text is written primarily for stu 


deuts in heat power engineering, but it 


should also provide 


useful refresher read 


ing for engineers already following the 


power plant line 
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The IMO PUMP provides a maximum of capacity in a mini- 
mum of space due to the fact that it can be operated at high 
speeds connected directly to motor, turbine or other machinery. 


Where space is a problem install IMO-the reliable rotary, 
positive displacement pump having only three moving parts and 
no gears, pistons, sliding vanes or valves. 


For further information send for catalog 1-129-V 


PUMP DIVISION of the 


DE LAVAL STEAM TURBINE CO. 


TRENTON 2, NEW JERSEY 
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All shipments from stock. Send for catalog. 
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dicators, Valve gear, Valve setting, Air Compressors, 

COMPLETE Hoists, Gas and Diesel Engine Operation, Lubrication. 


PAY 5 A Get this information for yourself— 
ONLY § MO. ASK TO SEE IT—Mail coupon today! 
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